ABSTRACT. Drosophila Fallen, 1823 (Diptera, Drosophilidae) is for long a well-established model organism for genetics and evolutionary research. The ecology of these flies, however, has only recently been better studied. Recent papers show that Drosophila assemblies can be used as bioindicators of forested environment degradation. In this work the bioindicator potential of drosophilids was evaluated in a naturally opened environment, a coastal strand-forest (restinga). Data from nine consecutive seasonal collections revealed strong temporal fluctuation pattern of the majority of Drosophila species groups. Drosophila willistoni group was more abundant at autumns, whereas D. cardini and D. tripunctata groups were, respectively, expressive at winters and springs, and D. repleta group at both seasons. The exotic species D. simulans Sturtevant, 1919 (from D. melanogaster group) and Zaprionus indianus Gupta, 1970 were most abundant at summers. Overall, the assemblage structure did not show the same characteristics of forested or urban environments, but was similar to the forests at winters and to cities at summers. This raises the question that this locality may already been under urbanization impact. Also, this can be interpreted as an easily invaded site for exotic species, what might lead to biotic homogenization and therefore can put in check the usage of drosophilid assemblages as bioindicators at open environments.
Drosophila Fallen, 1823 (Diptera, Drosophilidae) is for long a model organism in genetics and evolution. Community ecology studies with these flies are still scarce, but provided significant improvements in the area of species competition (review in HARTLEY & SHORROCKS, 2002) . The richness of this genus, though, is still poorly known, especially in the Neotropical region, where MEDEIROS & KLAZCKO (2004) and DÖGE et al. (2008) estimated that nearly 40% of the brazilian Drosophila species are still undescribed. Even the geographical distribution of many species is still not well established (DÖGE et al., 2006 (DÖGE et al., , 2007 MATA et al., 2008a) .
The American invasion of the African drosophilid Zaprionus indianus Gupta, 1970 instigated studies of its impact on the assemblies' structure and on the temporal dynamics of native species. Collections were performed at many ecosystems, like the Atlantic Rain Forest (MATEUS et al., 2006; TORRES & MADI-RAVAZZI, 2006; DE TONI et al., 2007) , mangroves , cerrado lato sensu (the Brazilian savanna) (TIDON et al., 2003; TIDON, 2006; MATA et al., 2008b) , and even urban environments (GOÑI et al., 1997; FERREIRA & TIDON, 2005; SILVA et al., 2005b; GOTTSCHALK et al., 2007) . These and other studies also demonstrated the possible use of drosophilids as bioindicators of forest degradation (PARSONS, 1991; MARTINS, 2001; AVONDET et al., 2003; FERREIRA & TIDON, 2005; SILVA et al., 2005b) .
Among the Brazilian coastal ecosystems, mangroves and restingas (strand forest) are the most extensive. The restingas are distributed along almost 80% of the Brazilian shore and comprises an herbaceous to arboreal vegetational complex, usually not very dense, that is situated between the beach sand dunes and other ecosystems, like the Atlantic Rain Forest stricto sensu. SCHMITZ et al. (2007) made extensive collections on mangroves at Florianópolis (state of Santa Catarina, southern Brazil) and found somewhat different assemblies' structure when compared to urban and forested ecosystems of the same city . BIZZO & SENE (1982) made the sole survey of drosophilids at a restinga site and found a similar structure to the Atlantic Rain Forest nearby.
As MATA et al. (2008b) pointed out, species richness and precedence (i.e. exotic or naturally endemic), as well as assemblage structure across habitats offer a good picture of the assemblage disturbance. Thus, the present work aims to analyze the temporal dynamics of a drosophilid assemblage in a coastal ecosystem, discussing the usage of these flies as bioindicators in open environments.
MATERIAL AND METHODS
Collections were performed in a well preserved arboreal strand forest (restinga) fragment in a shrub to grassland strand forest matrix at Praia da Joaquina, Florianópolis (27°38'21''S; 48°27'49''W), state of Santa Catarina, southern Brazil. The site is 350 m far from a low density residential area and, in the same direction, 650 m far from a chain of mountains called Morro da Lagoa da Conceição. In this region, the climate is classified as Cfa by KÖPPEN (1948) , that is, subtropical with the coldest month average temperature inferior to 18°C and superior to 22°C in the hottest month. Rain is concentrated in summer but there is no defined dry season.
Between May 2002 (autumn) and May 2004, nine consecutive collections were performed, one per season. In each collection, 50 banana-baited traps (TIDON & SENE, 1988) were hung to trees at 1.5 m high and left in field for four days. Traps were distributed two to four meters far from each other, covering an area of about 200 m 2 . Captured flies were identified to species level utilizing keys, descriptions and male terminalia dissection, which followed WHEELER & KAMBYSELLIS ' (1966) technique, modified by KANESHIRO (1969) . Only individuals identified to species or sub-group were used in further analysis. Voucher specimens are deposited at Laboratório de Drosofilídeos, Universidade Federal de Santa Catarina.
The analyzed parameters were: number of individuals (N) and species collected (S), and its relative abundance , 1999) . While the Simpson index is more influenced by dominance, the Shannon-Wiener index is more biased towards species richness (MAGURRAN, 2003) . We opted to use both because they have good performance and are widely used in the ecological literature, what permits future comparisons.
The sample effort and richness of the collections were estimated through rarefaction (S RAR ) (KREBS, 1999) , what makes possible to compare samples with very different N.
Similarity between collections was estimated using Morisita similarity index, with clustering through UPGMA algorithm (KREBS, 1999) . All analyses were performed in program PAST 1.56 (HAMMER et al., 2001) .
RESULTS
A total of 11,787 individuals of 49 Drosophilidae species from seven genera were collected (Tab. I). Besides Drosophila, Zaprionus Coquillett, 1901 was the only genus widely collected. Five Drosophila species, one Amiota Loew, 1862 and one Mycodrosophila Oldenberg, 1914 could not be identified and summed up to 427 individuals (less than 4% of the total sample). Nine species are exotic or cosmopolitan (identified with double asterisks on table I), and corresponded to 38% of the specimens collected.
All surveyed parameters presented great oscillation (Tab. II) and almost always in a clear pattern. Number of individuals was much higher in summers and autumns. Winters and the spring of 2003 (Spr2003), however, were proportionally richer and more diverse, as showed by S RAR and the diversity indexes. Although there is much overlapping among standard deviations in rarefaction analysis, summer samples are clearly poorer (Fig. 1) .
Community structure at autumns and springs were also very characteristic: the first joined a separate cluster and the latter were extremely similar (Fig. 2) ; summer and winter collections, on the other hand, were less related. These similarities in richness and community structure are a byproduct of drosophilid population dynamics, and here species groups' dynamics represents much of the assemblage variation.
Almost all species groups of Drosophila as well as Z. indianus presented evident seasonal patterns (Fig.  3 ). Drosophila willistoni group was dominant at autumns; D. melanogaster group was always very common but was less represented in autumns and winters, increasing at springs and particularly dominant at summer of 2003 (Sum2003). The D. tripunctata group was more represented at winters and less at summers (Tab. I); the same happened to the D. cardini group at springs and winters, respectively. In these last two seasons, the D. repleta group increased its abundance, and Z. indianus was more abundant at summer of 2004 (Sum2004).
DISCUSSION
All exotic species of Drosophilidae registered in Brazil were collected at this site , and were usually more abundant in hot seasons. BIZZO & SENE (1982) found less exotic species but a similar seasonality, an observation that, together with data from breeding sites, might corroborate the observations that Z. indianus is not excluding other species through competition (LEÃO & TIDON, 2004; SILVA et al., 2005a; VALIATI et al., 2005) .
As a general rule, the analyzed parameters presented a clear seasonal pattern, in agreement with other studies. The small N in winters, the coldest and driest period, was registered on other Brazilian localities too, together with the higher species diversity in this season (SAAVEDRA et al., 1995; TIDON, 2006; , irrespectively of N. Thus, this seems to be a common feature of drosophilid assemblies.
In the rarefaction analysis, however, the species richness of winters seems to be super estimated, a bias of small samples. Nevertheless, the technique was robust in detecting the lower richness of summers.
Among the native species groups, the increased presence of the D. tripunctata group in winters is well documented, as well as from the D. willistoni group in autumns and summers (DOBZHANSKY & PAVAN, 1950; FRANK & VALENTE, 1985) .
Only the D. melanogaster group showed an unexpected seasonal dynamics, being more abundant in springs and in the first summer. Other works report autumns or summers as seasons of increased N (FRANCK & VALENTE, 1985; BENADO & BRNCIC, 1994; TIDON, 2006; SCHMITZ et al., 2007) . Zaprionus indianus was more abundant in the summer, the hottest and wettest period, what corroborates several previous studies (CASTRO & VALENTE, 2001; TIDON et al., 2003; SILVA et al., 2005b; DE TONI et al., 2007) .
In the majority of papers that dealt with drosophilid seasonality, only one or two taxa present a temporal pattern, while others differed between years (e.g. BONORINO & VALENTE, 1989; CASTRO & VALENTE, 2001; SILVA et al., 2005a) . The lack of patterns is expected, because changes in the environmental conditions and resource availability are common between years and can modify the structure of drosophilid assemblages (DOBZHANSKY & PAVAN, 1950; PIPKIN, 1953) , what is ultimately part of the evolutionary process (TIDON-SKLORZ & SENE, 1992) . The diversity of resources and the consequently ecological complexity that results certainly contributes to the unpredictability of species fluctuation.
Here, surprisingly, the majority of taxa presented a clear seasonal dynamics. This could be expected to be found within mature assemblies in stable environments (WORM & DUFFY, 2003) , but it is difficult to explain this pattern in this assemblage, with different dominant species between seasons and in this harsh and unpredictable ecosystem.
The coastal strand forest vegetation has less species diversity than its native surroundings (the Atlantic Rain Forest sensu strictu) and is subject to higher insolation, winds, drought and daily temperature amplitude. This contributes to the determination of resources' availability time, besides the own capacity of the flies to survive and persist at this oscillating environment. Overall, these complex interactions seem to be modeling the assemblage structure, which changes abruptly within seasons.
When compared to other environments, the restinga assemblage did not present a characteristic structure, as the ones of forested or urban sites. At the Atlantic Rain Forest, the D. willistoni subgroup and D. saltans group are usually dominant and there are dozens of rare native species (PAVAN, 1959; MEDEIROS & KLACZKO, 2004; DE TONI et al., 2007) . The urban sites, on the other hand, are strongly dominated by exotic species, usually D. simulans Sturtevant, 1919 or D. malerkotliana Parshad & Paika, 1964 (BONORINO & VALENTE, 1989; GOÑI et al., 1997) and, more recently, by Z. indianus (FERREIRA & TIDON, 2005; SILVA et al., 2005b; GOTTSCHALK et al., 2007) .
At summers, less species were collected and D. simulans and Z. indianus were dominant, what resembles this structure to an urban environment. This suggests that, although not closer to the city then other studied forest sites (DE TONI & HOFMANN, 1995; DE TONI et al., 2007; GOTTSCHALK et al., 2007) , this restinga fragment is already under human impact.
In contrast, autumns' assemblage structures were more similar to the forest ones, with higher S, dominance of the D. willistoni group and presence of characteristic native groups, such as tripunctata. The small representativeness from D. saltans group can be related to the low humidity of the site, since they seem to prefer humid places (Jonas S. Döge, pers. comm.) .
In sum, because of not possessing a characteristic drosophilid assemblage structure and being an opened environment, the strand forest is apparently more suitable for the invasion of exotic species; there may be even seasonal invasions. In fact, biotic homogenization is a major impact of urbanization (MCKINNEY, 2006; ROONEY et al., 2007) and has been seen in other insect assemblages, including Drosophila (e.g. FERREIRA & TIDON, 2005; GOTTSCHALK et al., 2007) .
Although in this particular case the assemblage might not be a good bioindicator of environment degradation, the use of Drosophila is still a growing field. There have been propositions of indicator species by SAAVEDRA et al. (1995) , MARTINS (2001) , FERREIRA & TIDON (2005) and MATA et al. (2008b) but few examined the assemblage as a whole.
Our observation also raises questions about the ecological processes that protect forests from invasions of exotic species. Thus, future studies that show how populations interact and maintain in natural ecosystems are extremely important to untangle the assemblies' dynamics and the possible use of this knowledge in the management and conservation of areas of ecological interest.
